Objective: Intestinal permeability increases during the course of acute pancreatitis (AP). We assessed duodenal permeability alterations in patients with AP by confocal laser endomicroscopy (CLE). Methods: Thirty patients with AP underwent CLE evaluation of the antral and duodenal mucosa. Images were graded based on the appearance of capillaries and the degree of fluorescein leakage. Results: Patients with AP had increased duodenal mucosal permeability that could be detected by CLE. The mucosal permeability progressively increased in the gastric antrum, duodenal bulb, and descending duodenum. The CLE parameters in the antrum and duodenal bulb were not significantly different between patients with mild and severe AP. The CLE grades in the descending duodenum were higher in patients with severe than mild AP. The C-reactive protein level in AP was positively correlated with the permeability in the duodenal bulb and descending duodenum, while the computed tomography severity index score was positively correlated with the mucosal permeability in the duodenal bulb and descending duodenum. Conclusion: CLE revealed increased duodenal permeability in patients with AP. Higher permeability in the descending duodenum was observed in severe than mild AP. Further large-scale studies are needed to confirm the relationship between altered duodenal permeability and the severity of AP.
Introduction
Acute pancreatitis (AP) is a common disorder that ranges from mild disease to multiple organ failure and sepsis and that often leads to emergency hospital admission. 1 Gut barrier damage plays a major role in the pathophysiology of AP, contributing to intestinal bacterial translocation and secondary infection. [2] [3] [4] Gut barrier dysfunction takes place in the early phase of AP and is a result of local or systemic inflammatory responses and gut ischemia. 4 Alterations in intestinal permeability have generally been assessed using the lactulose-mannitol test. 3, 5 However, evidence has indicated that intestinal permeability to very small sugar molecules such as lactulose or mannitol is not correlated with epithelial permeability to macromolecules. 6 Observation of the intestinal ultrastructure might be necessary to identify epithelial cell shedding and loss of barrier function.
Confocal laser endomicroscopy (CLE) is a novel endoscopic technique with excellent subcellular resolution and 400-fold magnification. It has been postulated that CLE exhibits good authenticity and reproducibility for the diagnosis of AP and has potential clinical value for the diagnosis of this disorder. 7 Previous studies have shown variation among confocal images in different stages of AP; 8 therefore, mastering the confocal manifestations of different stages of inflammation is also very important for endoscopy practitioners to achieve an accurate diagnosis of AP using CLE. After injection of fluorescein as a contrast agent, CLE allows for in vivo examination of the cells and intracellular substance of the gastrointestinal tract mucosa during real-time endoscopy. 9 In the present study, we aimed to detect duodenal permeability in patients with AP by observing epithelial cell shedding and the degree of fluorescein leakage using CLE. Alteration of the duodenal mucosa as observed by CLE might be a sensitive indicator of gut barrier dysfunction in patients with AP.
Materials and methods

Patients
Consecutive patients with AP who were admitted to the Department of Gastroenterology of The First Affiliated Hospital of Zhejiang University from March 2015 to August 2016 were included in the study. The diagnosis of AP was based on the following criteria: 1) abdominal pain, 2) a serum amylase or lipase level of at least three times the upper limit of normal, and 3) the appearance of pancreatitis on computed tomography (CT). 10, 11 Patients were excluded if they met the following criteria: 1) a critical condition involving multiple organ failure and inability to undergo CLE examination, 2) allergy to fluorescein sodium, 3) chronic gastrointestinal disorders at admission, and 4) unwillingness to provide written informed consent. All enrolled patients were informed about the purpose and design of the study, and written informed consent was obtained from each. All medical records were retrospectively reviewed. Ethical approval was obtained from the Ethics Committee of Ningbo No. 2 Hospital.
Methods
Data regarding age, sex, duration between onset and admission, and length of stay were collected and recorded. Routine complete blood cell counts and biochemical analyses were performed at admission and before CLE examination. The serum level of C-reactive protein (CRP) was also measured. All patients underwent enhanced CT of the abdomen at admission and before CLE examination. The etiology of AP was determined by experienced gastrointestinal specialists. The severity of AP was evaluated with the Acute Physiology and Chronic Health Evaluation II (APACHE-II) score, Ranson score, and Bedside Index for Severity in AP (BISAP) score within 24 hours of hospital admission. Moreover, the CT severity index (CTSI) was calculated based on the protocol devised by Balthazar et al. 12 The CT scores were based on CT scan reports provided by experienced radiologists. All patients were classified into two groups: those with mild AP (MAP) and those with severe AP (SAP). Patients with MAP recovered without local or systemic complications and without organ failure, and patients with SAP developed failure of one or more organs or a local complication.
All patients with AP were treated by fluid management, somatostatin, antibiotics, and nutrition. Initially, the patients were fasted and total parenteral nutrition was administered. When enteral nutrition was required, it was delivered by tube feeding. At this time, CLE was performed using an endomicroscope (GastroFlex UHD; Mauna Kea Technologies, Paris, France) before placement of a nasojejunal tube. All CLE procedures were performed by a single experienced endoscopist (M.Y.) (>80 previous CLE procedures) assisted by an expert nurse. First, conventional white light endoscopy was performed with the non-confocal function of the endoscope. The contrast agent (5 mL of 10% sodium fluorescence solution) was then intravenously administered, and CLE was performed. The probe was specifically focused on the gastric antrum, duodenal bulb, and descending duodenum. Biopsy specimens were taken from these sites and examined by experienced gastrointestinal pathologists.
Assessment of CLE images
Evaluation of the CLE images was based on CLE imaging criteria developed in accordance with published studies. 13, 14 To assess the permeability of the stomach and duodenum, the endomicroscopic changes were classified into four grades: grade 0, normal appearance of microvessels with no fluorescein leakage; grade 1, widening of capillaries with mild fluorescein leakage; grade 2, widening of capillaries with moderate fluorescein leakage; and grade 3, dilated and distorted appearance of capillaries with severely increased leakage.
Statistical analysis
Statistical analyses were performed using IBM SPSS Statistics for Windows, Version 20.0 (IBM Corp., Armonk, NY, USA). Continuous variables are expressed as mean AE standard deviation (range). The unpaired Student's t test was conducted for comparison of continuous variables. The chi-square test was applied for comparison of categorical variables. Correlations between CLE grades and clinical characteristics of AP were estimated using Spearman's correlation. A two-tailed P value of <0.05 was considered statistically significant.
Results
Patients' baseline characteristics
The baseline characteristics of the patients with AP are listed in Table 1 . Thirty patients were included in the study, and their mean age was 49.4 AE 15.0 years. Sixteen patients were diagnosed with MAP because they had no local or systemic complications and no organ failure, while the other 14 patients were diagnosed with SAP. The length of stay among patients with MAP ranged from 3 to 34 days, while that in patients with SAP was much longer, ranging from 13 to 78 days (P ¼ 0.013). There was no significant difference in the duration between onset and admission or in the etiology of AP between patients with MAP and SAP. As expected, the initial CRP level was significantly higher in the SAP than MAP group (P ¼ 0.004). The APACHE-II score (P < 0.001), Ranson score (P < 0.001), BISAP score (P ¼ 0.002), and CTSI score (P < 0.001) were significantly higher in patients with SAP than MAP.
Patients' endoscopic, CLE, and pathologic parameters
The endoscopic, CLE, and pathologic parameters of all patients with AP are shown in Table 2 . In the comparisons of the gastric antrum, duodenal bulb, and descending duodenum in patients with AP, the descending duodenum had significantly fewer congested, edematous membranes or erosions under white light endoscopic examination (P ¼ 0.006). There were no significant differences in the pathologic findings among these three parts. However, the CLE examination results showed a statistically significant difference (P < 0.001); specifically, the mucosal permeability progressively increased in the gastric antrum, duodenal bulb, and descending duodenum ( Figure 1 ).
CLE grade in relation to AP severity
The CLE parameters in the antrum and duodenal bulb were not significantly different between patients with MAP and SAP. Interestingly, the CLE grades in the descending duodenum were higher in patients with SAP than MAP (P ¼ 0.059, borderline significance) ( Table 2 ). Spearman's correlation tests indicated that the permeability of the duodenal mucosa as measured by CLE was positively correlated with the CRP level at a mean follow-up of 4 months (duodenal bulb: R ¼ 0.293, P ¼ 0.012; descending duodenum: R ¼ 0.290, P ¼ 0.013). In addition, the CLE grade of the duodenum was significantly positively correlated with the follow-up CTSI score (duodenal bulb: R ¼ 0.395, P < 0.001; descending duodenum: R ¼ 0.297, P ¼ 0.010). Nevertheless, the CLE grades in the gastric antrum, duodenal bulb, and descending duodenum were not correlated with the other clinical characteristics (age, length of stay, initial CRP level, APACHE-II score, Ranson score, BISAP score, and initial CTSI score) ( Table 3 ).
Discussion
In this study, we found that CLE could be used to identify increased duodenal permeability in patients with AP. Patients with SAP had higher permeability in the descending duodenum than those with MAP. The CRP level in patients with AP was positively correlated with the permeability in the duodenal bulb and descending duodenum as well as with the CTSI score.
CLE is a recently developed endoscopic technique that can provide in vivo histological evaluation. Previous studies have shown that CLE identifies loss of the mucosal barrier in patients with gastric cancer, [15] [16] [17] colorectal cancer, 18 and inflammatory bowel disease. 13, 14 Lim et al. 14 indicated that CLE revealed epithelial damage and barrier loss in the duodenum of patients with inflammatory bowel disease that was not apparent on conventional endoscopy or histology. According to previous studies, intestinal barrier dysfunction under CLE was characterized by an altered appearance of the capillaries and fluorescein leakage. In the present study, CLE was used to effectively confirm these alterations in the duodenal mucosa in patients with AP.
Although the overall mortality rate of AP has decreased in the past 10 years, SAP is closely associated with high mortality, especially for those with severe infection. However, many patients with SAP do not show organ failure or pancreatic necrosis at the initial diagnosis, leading to a delay in clinical treatment measures. Therefore, it is very important to accurately determine the patient's condition within the first 48 hours after admission. The gut appears to play a major role in the pathophysiology of AP. 19 Gut barrier dysfunction plays an important role in the occurrence, development, and prognosis of SAP. It is widely accepted that the gut barrier becomes compromised and intestinal permeability increases during the course of AP. This is mainly due to hypovolemia, splanchnic hypoperfusion, and intestinal ischemia. 20 Moreover, ischemia-reperfusion injury in the intestine causes the relapse of oxygen radicals and a variety of inflammatory cytokines, which further destroy the gut barrier function. 19, 21 As a consequence, intestinal bacterial overgrowth and translocation lead to endotoxemia, systemic inflammatory response syndrome, and even multiorgan failure. 20 This is the first study in which increased intestinal permeability in patients with AP was detected by CLE. The grading criteria for CLE were established according to the appearance of capillaries and the degree of fluorescein leakage in the duodenal mucosa. The breaking of the epithelial line in the mucosa might lead to increased epithelial gaps and cell shedding with resultant fluorescein leakage, which could be quantified by fluorescein-aided CLE. 14 As the initial part of the intestine, barrier loss should first occur in the duodenum in patients with AP. Because the duodenum is a convenient site for performing CLE, CLE might be an effective way to detect altered duodenal permeability in patients with AP.
Given the relationship between intestinal barrier dysfunction and SAP, it is reasonable to assume that early gut barrier function assessment contributes to the disease prediction of AP. Some evidence has demonstrated that infections occur in the early phase of AP. 5, 23 Moreover, increased intestinal permeability is more relevant and persistent in severe cases. 22 In a study by Sharma et al., 3 patients with complications of SAP showed increased intestinal permeability, and higher endotoxemia predicted poorer outcomes. Increased duodenal permeability in patients with SAP was also observed by CLE in the present study. Duodenal permeability was positively correlated with the CRP level at a mean follow-up of 4 months as well as with the CTSI score, but it was not correlated with the length of stay, initial CRP level, APACHE-II score, Ranson score, BISAP score, or initial CTSI score. This might be related to the timing of the CLE examination; CLE was performed at the time of bowel function recovery when enteral nutrition was required in our study. At this stage of AP, the duodenal permeability might also improve in many cases.
Our study had some limitations that warrant mention. First, the number of patients was small. Second, the patients did not undergo CLE at the same stage of the disease course. A better understanding of the association between intestinal permeability and severity of AP would have been obtained if CLE had been performed in the early phase of AP and at a later follow-up visit. However, because CLE is an invasive examination, it was performed before gastroscopic placement of a nasojejunal tube for enteral nutrition. This study design minimized the patients' pain. Third, although the CRP level and white blood cell counts were evaluated and the APACHE-II, Ranson, BISAP, and CTSI scores were estimated, no parameters reflecting endotoxemia were measured. Finally, it would have been better to examine the validity of CLE for estimation of intestinal permeability if the lactulose-mannitol test had been performed in both patients and controls followed by comparison of the CLE and lactulose-mannitol test results.
In conclusion, this study has demonstrated that CLE can be used to identify alterations in duodenal permeability in patients with AP. Patients with SAP had higher permeability in the descending duodenum than did patients with MAP. Duodenal permeability was correlated with the CRP level and CTSI score. Further robust studies are needed to confirm the relationship between altered duodenal permeability and the severity of AP.
